The objective of this study was to investigate the prevalence and risk factors of fungal organisms (especially Aspergillus species) in feeds used in poultry farms in Sokoto metropolis. During a period of 12 months (from April 2010 to March 2011), a total of 239 poultry feed samples comprising of 204 commercially prepared feeds and 35 self-compounded feeds were collected from 76 identified poultry farms in Sokoto and environs. Of the total 80 questionnaires administered, 76 (95.00%) were responded to. Out of the total samples, fungal species were isolated from 198 (82.9%) comprising of commercially prepared 163 (79.9%) and self-compounded 35 (100.0%) feed samples. A total of 258 fungal isolates were identified out of which 136 (52.7%) were Aspergillus species. The most prevalent species were Aspergillus fumigatus 80 (58.8%) followed by Aspergillus flavus 56 (41.2%). Since Aspergillus species are among the leading mycotoxigenic fungi, this study reveals that a potential exists for the production of mycotoxins that may be of both veterinary public health significance and its attending economic losses.
Introduction
Evidences arising from epidemiological studies as well as from detailed experimental investigations have indicated that there is a strong relationship between certain feed ingredients and incidence of bacterial and fungal infections (Maciorowski et al., 2007; Obi & Ozugbo, 2007; Miller, 1995) . Mould and mycotoxin contamination of feed and feed ingredients occur worldwide and because of the ubiquitous nature of these microorganisms, they cannot be totally eliminated from feed ingredients (Trenholm et al., 1988) . Mould contamination is widespread in tropical countries where poultry production and processing are expanding rapidly (Okoli et al., 2006; Berghe et al., 1990) . The contamination of agricultural commodities with toxigenic fungi under favourable conditions may lead to mycotoxin buildup reaching injurious levels for farm animals and human health. The production of mycotoxins has often been species-specific; therefore, identification of fungi is of prime importance, as they are among the most important contaminants of poultry feeds (Gentles et al., 1999) . Aflatoxins are the most studied group of mycotoxins with clinical toxicosis, increase susceptibility to diseases and vaccination failures among others as the reported consequences in poultry (Gentles et al., 1999) . Animal feed may serve as a carrier for a wide variety of microorganisms. The primary mode of inoculation of feed materials is the transference of soil by the wind, rain, mechanical agitation, or insects to standing crops. Some of the microorganisms are adapted to the desiccated and relatively nutrient-deficient conditions of the soil and survive in similar niches on growing crops (Beuchat, 1978) . In general, the amount of available water in the feed matrix determines whether a microorganism will grow or survive. Some microorganisms, primarily moulds, adapt to the low amount of available moisture and grow actively within stored seeds and grains. Others will enter a survival state (such as spore formation) until the moisture is high enough for bacterial activity (Maciorowski et al., 2007) . There are numerous ways contaminating mycoflora can negatively affect feed quality; these include a reduction in feed nutrients and dry matter, musty or sour odours, feed caking and mycotoxin production. Finally, the feed can act as a carrier for animal and human pathogens. The type of feed, processing treatments and storage conditions can all be factors that influence the levels and types of microorganisms present (Maciorowski et al., 2007) . Regular monitoring of the toxigenic mycoflora of feeds and foods are a pre-requisite for the development of strategies to control or prevent mycotoxins exposure of animal feed and human population. Study of the prevalence of toxigenic mycobiota of the animals/poultry feeds is regularly and frequently reported from many countries, including Argentina (Dalcero et al., 1997) , Spain (Accensi et al., 2004) , Brazil (Oliveira et al., 2006) , Pakistan (Hanif et al., 2006; Iqbal et al., 2006; Russell & Peterson, 2007; Saleemi et al., 2010) and Iran (Azarakhsh et al., 2011) . In Nigeria however, Osho et al. (2007) reported the isolation of Aspergillus sp. and Rhizopus sp. in poultry feed in the southwestern region of Nigeria. Similarly, in a survey of fungal contamination in commercial poultry feed in the southern state of Nigeria (Oyejide et al., 1987) , reported that 57-62% of the chick and broiler starter, grower, broiler finishers and layer's rations were contaminated with Aflatoxin. Uwaezuoke & Ogbulie (2008) in Owerri, Imo state and Obi & Ozugbo (2007) in Umuahia, Abia State; independently reported the isolation of pathogenic bacteria and fungi genera in the poultry feed samples sold in parts of eastern Nigeria. This is an indication that no feed was found completely free from fungal contamination. The production of poultry feeds for local and commercial farmers in the developing countries (including Nigeria) requires an above average microbiological safety regulation to escape the microbial contamination of the product (Obi & Ozugbo, 2007) . Thus, the present study is aimed at investigating the prevalence of Aspergillus sp. contamination of poultry feeds used in poultry farms in Sokoto metropolis.
Materials and Methods

Study area
The study area was Sokoto metropolis, the capital of Sokoto State, Nigeria. The area comprises Sokoto north, Sokoto South, some parts of DangeShuni and Wamakko local government areas. Each of the local government has an average of 11 wards. The state is located at latitude 13 0 N and between longitudes 4 0 8ʹ E and 6 0 54ʹ E in the extreme North Western part of Nigeria, covering an area of approximately 56,000 square kilometres (Roger, 1999 
Study design
The study is a cross-sectional Study that covered a period of 12 months (April 2010 to March 2011). It involved microbiological analysis of poultry feeds from 76 (95%) of the identified 80 poultry farms located in the area of study. The Study was designed as follows; 1. Questionnaire survey: Eighty (80) closed-ended structured Questionnaires were designed and administered to farm managers on the spot in the study area. The questionnaire was designed to provide information on the flock size; type of poultry kept and feeds management especially with regard to storage of feeds. 2. Microbiological analysis of poultry feeds for fungal organisms. The sample size was calculated, based on an estimated prevalence rate of 83.3% (Saleemi et al., 2010) at the 95 % level of confidence. A minimum sample size of 214 was obtained.
Samples collection
During sampling visits of the 76 participating farms, a total of 239 poultry feed samples comprising of commercially prepared feed (n=204) and self-compounded feed (n=35) were collected. From each visited farm, feed present in the farm was sampled by selecting 20-25% of the bags present in the farm by simple random sampling. For each sample, 5-10 grams of feed were collected in a polythene bag and then collectively transported to the Veterinary Microbiology laboratory for immediate processing. In some cases, the feed samples were stored at room temperature (22-25 0 C) for a maximum of 24 hours prior to inoculation onto culture media.
Isolation and identification of fungi
Isolation of the fungi from the feed samples obtained were carried out using Sabouraud dextrose agar (S.D.A) (CM 0041: Oxoid ® Ltd, UK) supplemented with chloramphenicol at 40µg/ml and gentamycin at 500µg/ml (Davis et al., 1980) and prepared according to the manufacturer's instructions. One gram of the feed sample was aseptically transferred to a sterile test tube and 9 millilitres of sterile distilled water was added to the feed and thoroughly mixed to perform a tenfold serial dilution of the sample, 0.1ml of the dilution was cultured by a spread plate technique using a sterile bent glass rod and then incubated at room temperature (22-25 0 C) for 5-14 days. The fungal isolates were identified to the genus/species level based on macroscopic and microscopic characteristics of the isolates obtained from pure cultures. Such characteristics include; rapidity of growth, colour of obverse and reverse site of the culture plate, shape, texture and consistency of the growth, septation of hyphae, shape, size, texture and arrangement of the conidia, according to the methods of Ogbulie et al. (1998) ; Carter & Cole (1990) and Barnett & Hunter (1998) . Wet mount smears of pure cultured colonies were stained with lactophenol cotton blue stain. Identification of Aspergillus species was made based on macroscopic and microscopic features in accordance with the standard guidelines Barnett & Hunter (1998) , Carter & Cole (1990) and Raper & Fennell (1965) . The fungal isolates were also sub-cultured onto SDA slants, incubated at 27 o C for 10 days and stored in a refrigerator for future studies (Saleemi et al., 2010) .
Statistical analysis
The data generated were presented in the form of Tables and Figures using frequenc distribution. Data was analysed using descriptyive statistics.
Results and Discussion
Out of the total of 80 poultry farms identified and administered with questionnaires, 76 (95.0%) gave their consent and were included in the study. Out of the 76 respondents, 8 (10.5%) had a poultry size of ≥1000 birds, 6 (7.9%) ≥500, 13 (17.1%) ≥200 and 49 (64.5%) kept less than 200 birds. The results of the study revealed that 53 (69.7%) used commercially prepared feeds while 23 (30.3%) of the farmers compounded their feeds. The study further shows that 52 (68.4%) of the respondents kept their feed in a room used as a store while 18 (23.7%) kept the feeds within the poultry pen and 6 (7.9%) used open space (Table 1 ). The growth of the moulds was observed in 44 (57.9%) of the farms with subsequent caking of the affected feeds. The mycological survey of 239 samples of poultry feed from Sokoto metropolis showed the presence of potentially toxigenic and infective Aspergillus species (Plate 1). Of the total 239 feed samples analysed for the presence of fungal organisms, 198 (82.8%) revealed the presence of fungal organisms with Aspergillus spp. having the highest isolation rate of 136 (52.71%) while all the remaining 4 fungal species (Penicillium spp., Fusarium spp., Mucor spp. and Rhizopus spp..) account for 122 (47.29%) (Figure 1) . Similarly, of the 136 Aspergillus species, 80 (58.8%) was Aspergillus fumigatus, and 56 (41.2%) was Aspergillus flavus (Table 2) . Based on the findings from this study, the majority (64.47%) of the farmers in the study area kept less than 200 birds, this probably explain why higher proportion of the farmers (69.74%) purchased commercially prepared feeds (Vita feeds®) and also used the business as a supplement of their income whereas 30.26% compounded their feed themselves so as to maximize profit. About fifty-eight percent of the respondents (57.89%) indicated mould growth on the poultry feed with subsequent caking. This may not be unconnected with the type of feed management, especially with regards to storage because 18 (23.68%) of the respondents said they kept their feed within the poultry pen whilst 6 (7.89%) kept theirs in an open space. This method of storage 
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increases the water activity of the feed due to exposure to the atmospheric humidity and therefore, encourages the growth of contaminating fungi and bacteria in the feed which may also explain the higher isolation rates of the fungi in all the types of feed sampled in this study. In the study area, fungal contaminations were present in a high proportion (82.8%) of the feed samples, this finding is in agreement with similar studies in Nigeria (Uwaezuoke & Ogbulie, 2008; Obi & Ozugbo, 2007; Osho et al., 2007) . The report further supported the findings from other regions of the world, including Serbia (Krnjaja et al., 2007) , Brazil (Oliveira et al., 2006; Rosa et al., 2006) , Argentina (Dalcero et al., 1997) and Pakistan (Saleemi et al., 2010) . Similarly, high-frequency isolations of Aspergillus spp. and Penicillium spp. from mixed poultry feeds have been reported in Spain (Bragulat et al., 1995; Abarca et al., 1994) , Brazil (Simas et al., 2007) , Argentina (Oliveira et al., 2006) , Pakistan (Saleemi et al., 2010) and Nigeria (Uwaezuoke & Ogbulie, 2008; Obi & Ozugbo, 2007) .
High contamination level of Aspergillus spp. might be due to their high-temperature tolerance (Battilani et al., 2003) , which might also have been responsible for the high frequency of Aspergillus spp. in poultry feeds in the present study. In the present study, the main contaminating fungus was A. fumigatus followed by A. flavus, known aflatoxigenic species. It could be stated that Aspergillus spp., Penicillium spp. and Fusarium spp. was the typical fungal genera contaminating poultry feeds. In fact, they are very important contaminants being renowned for their ability to form a huge number of various types of mycotoxins. These species occurring worldwide are the main contaminants of stored cereals and feeds, including the production of toxicologically significant mycotoxins. Based on the result of this study, it is recommended that Poultry feeds should be stored in a dry atmospheric environment to prevent the development of potentially toxigenic moulds and further research needs to be done on the amount and type of mycotoxins present in the poultry feeds in the study area.
